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tndian Standard
CODE FOR USE OF RINGELMANN AND MINIATURE SMOKE CHARTS
0. FOREWORD

0.1 This Indian Standard was adopted by the Indian Standards Institution on 20 February 1979, after the draft finalized by the Air Pollution Sectional Committee had been approved by the Chemicai Division Council. 0.2 Professor Ringelmann devised a visual assessment method for smoke emissions by comparing the darkness of the smoke with standard shades of grey on a chart placed in a suitable position. He obtained the grey shade by cross-hatching in black on a white background so that a known percentage of white was obscured. In use these charts were placed at such a distance from the observer that the black lines merged into the white background and produced for each shade, apparently, a uniform grey. The number of shades popularly known as Ringelmann numbers ranged from 0 ( white ) to 5 ( black ), in steps of 20 percent change in The original charts were of large size to obscuration of the background. enable high accuracy of reproduction in drawing. Subsequently various methods of reproduction had been tried and size and details of the charts had been modified by various authorities, from time to time. &2.1 It is difficult to draw the chart with 100 percent black ink on is available. Many of the 100 percent white paper, since neither commercially printed ones in use for many years are produced with a luminance factor of about 80 percent with ink of luminance factor about 5 percent. 0.3 The chart may become soiled in use, causing the observed Ringelmann number of the smoke to be less than the true value. Therefore, it is necessary that the used chart be discarded as soon as it becomes appreciably soiled or discoloured. 0.4 Ringelmann scale is a visual measure of the quality of the flue gas as it leaves the chimney. However, it is not only dependent on the optical density of the fllie gas but is also a function of the brightness and colour of the sky immediately behind the chimney plume and other factors such as the colour of the emission. Since instruments are increasingly being used it has become necessary to interpret their results in terms of Ringelmann number in an agreed fashion. A note on the calibration of instrument in Ringelmann number is given in Appendix A. 3
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Ringelmann charts are one of the several methods for measurement of smoke. The procedures given in this standard are recommended to be followed when this method is used. The use of these charts is not generally followed in -case of pulverized fuel boilers.

of quality

1. SCOPE 1.1 This miniature
standard prescribes smoke charts. the method for use of Ringelmann and

2. TERMINOLOGY

2.1 For the purpose
shall apply. 3. PREPARATION

of this standard,

definitions

given in IS : 4167-1966*

OF THE

CHART

FOR USE

so as to be held firmly without creasing The portion of any holder adjoining the viewing edge of or bending. the chart shall be neutral in colour. It has been found that aluminium is a suitable material for this purpose. A suitable form of holder is shown in Fig. 1. 3.1.1 No protective covering shall be applied to the chart in use. If the chart is attached to a board or other support, the fixing medium should not impair the luminance of the working surface of the chart. 4. METHOD

3.1 The chart should be mounted

OF USE

4.1 The chart shall be used under daylight

conditions and held or fixed facing the observer in a vertical plane as shown in Fig. 2. Wherever possible the chart shall be in line with the top of the chimney and placed SO that the chart and the smoke have a similar sky background. The chart should be at a sufficient distance from the observer for the lines to appear to merge until each square forms a uniform shade. For most observers this distance is in excess of 15 m. 4.1.1 Observations shall be carried out as far as practicable under conditions of uniform general illumination from the sky, but if the observations are made with the sun shining, or sky bright, on one side, the bright source of illumination shall be approximately at right-angle to the line of vision, and not in front or behind the observer. The white ( No. 0 ) square provides a useful indication of the illumination of the Under hazy conditions, readings shall not be taken at extreme chart. distance as there is a tendency for the readings to be low.
*Glossary of terms relating to air pollution.
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All dimensions in millimetres. FIG. 1 HOLDER FOR RINOELMANN CHART

4.1.2 It is desirable that the angle of view of the chart shall be as low as possible; observations at a steep avoided.

and the smoke angle shall be

5
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FIG. 2

METHOD OF USE OF RINGELMANN CHART

4.1.3 The darkness of the smoke at the point where it leaves the chimney shall be compared with the shades of the chart, the number of shade which appears most closely to match the darkness of the smoke determined, and the time of duration of this darkness of smoke noted. The darkness of smoke which is intermediate between two shades may be estimated to the nearest quarter Ringelmann number in favourable conditions. 5. MINIATURE

SMOKE

CHART

5.1 In practice it is ~difficult to use a Ringelmann chart conveniently. The use of the standard chart generally requires the services of a helper to hold the chart for the observer. Hence the need for the use of miniature smoke chart arises.
5.1.1 The miniature smoke chart shall have the same precision as The miniature smoke chart is not intended for use Ringelmann chart. as a substitute for Ringelmann chart but results obtained are expected to be similar to those from Ringelmann chart and may conveniently be used for readings of a preliminary nature. 6
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5.2 The grey shades painted on the chart shall correspond to similar shades of the Ringelmann chart. The chart shall be designed for use at a distance of less than 2 m from the observer's eyes. It shall be used under conditions of illumination described in 4. If the card on which the chart is printed is slightly translucent, it shall be backed, when in use, by a loose sheet of white opaque material or by insertion in a holder. 5.2.1 The chart shall preferably be held at a distance of 1.5 m from the observer's eye. Figure 3 shows a suitable holder which may be fixed to the end of a light rod like a telescopic rod which is convenient for carrying. The chart may also be held at arm's length, but observers are likely to find that it is then less -easy to obtain readings agreeing with those obtained with Ringelmann chart.
NOTE - Information regarding availability smoke charts may be obtained from ISI. of Ringelmann charts and miniature

FLANGE SHAPED AS SHOWN 10 GRIP CARL

THIN ALUMINIUM SHEET WITH FLANGE 7URNED OVER LSPRING ilIP AS SHOWN

All dimensions in millimetres.

FIG. 3

SUITABLE HOLDER FOR MINIATURE SMOKE CHART
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APPENDIX ( ClausG 0.3 )
CALIBRATION OF INSTRUMENTS NUMBER

A
IN RINGELMANN

A-O. GENERAL number ( s ) is defined as the one which does not vary with sky brightness and which is less dependent on the colour of the factors. emission and other extraneous (s) may be considered as for instrument measurement `. Ringel` Standard Sky ' or ` Standard mann number ( s ) complies as far as possible with the visually observed With a typical sky behind dark smoke, corresRingelmann number. ponding to good conditions for the visual observation of Ringelmann number, a visually observed Ringelmann number 2 corresponds to 64 percent obscuration ( optical density 0'44 ). Taking this sky brightness as standard, Ringelmann number ( s) 2 is defined as giving 64 percent obscuration (optical density 0 44) and for the same sky brightness percent Ringelmann number (5) 1 is 52 obscuration ( optical density 0.32 ), Ringelmann number ( s ) 3 is 76 percent obscuration ( optical density 0.62 ) and Ringelmann number ( Jo) 4 is 88 percent obscuration (optical density 0'92 ). A-I. CORRECTIONS AND VELOCITY FOR PATH LENGTH, TEMPERATURE

A-0.1 Ringelmann

A-I.1 Since the instrument measurement is not made at the top of the chimney, it is necessary to allow for any differences between the chimney top and the measuring point. The main factor is the relationship between the chimney top diameter and the path length in the flue gas of the light beam of the measuring instrument. If these are equal and there is no temperature change between the measuring point and the top of the chimney, the instrument reading may be converted directly into Ringelmann number ( s), by the figures given in A-0.1.

A-1.1.1 Correction for Path Length - Where the path length is different from the chimney top diameter, the conversion from percentage obscuration ( or optical density ) as read by the instrument to a Ringelmann number ( s ) is given in Fig. 4.
A-1.1.2 Correction for ~em~crature - Commonly the change of temperature between the measuring point and the top of the chimney is quite small and its effect is negligible. Where there is an appreciable change 8
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of temperature, the following expression: Effective where ir, = The effective temperature path length in "C ~of the flue gas at the chimney in "C of the flue gas at the measuring shall be used as shown in Fig. 4. not the top, and point. 7-r = temperature path instrument reading should be corrected 273 + l-e 273 f Ti by the

length

=

Actual

Path

Length

x

A-1.1.3 Correction for Velocily - Where there is a change of velocity caused by a temperature change between the measuring point and top of the chimney, no correction is necessary.

A-1.1.4 Many Sources Feeding One Chimney - Where a single chimney is fed by a number of sources of flue gas with an instrument for each source, If the sources read widely different the procedure is unchanged. Ringelmann number ( s ) the Ringelmann number (s ) of the chimney may only be assessed by using optical densities and weighting the average If the flue gas with respect to the flue gas rates at the measuring points. quantities and the measured Ringelmann numbers are approximately equal an arithmetical average will suffice. Usually each reading will be applied directly to the control of its own source.
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Base Units
QUANTITY

SYSTEM OF UNITS (431 UNITS
UNIT

SYMBOL

Length Mass Time Electric current Thermodynamic temperature Luminous Amount intensity of substance

metre
kilogram

m kg 9 A K
cd

second ampere kelvin candela ~mole

Supplementary
QUANTITY Plane angle

Units
UNIT SYYBOL rad ST

radian steradian

Solid angle

Derived Units QUANTITY
Force Energy Power Flux Flux density Frequency Electric Pressure, conductance stress UNIT newton joule watt weber tesla hertz siemens Pascal SYMBOL N 1 CONVERSION N = 0.101 972 kgf

J
W Wb T HZ S Pa

1

J = 1 N.m

1 W = 1 J/s 1 Wb = 1 V.s 1 1 T = 1 Wb/m' 1 c/s (s-1) s = 1 A/V 1 Hz =

1 Pa = 1 N/m2

